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Abstract: The development of suburban areas of Malang City has developed an 
expansion of built-up areas between urban and suburban areas. There has been a great 
phenomenon that mostly occurs along the suburban areas where industrial activities 
took place. This study aims to determine what factors have influenced the land use 
change in the suburban areas of Malang City by employing “GeoDa” application. It is 
one of the Geographical Information System applications that particularly deals with 
statistical analysis. To achieve this purpose, the objectives are: delineating the study 
area, analyzing the characteristics of land use change, assessing and analyzing the 
variable influencing the land use change. The results have shown that the 
characteristics of land use change, such as population, distance, migration, and 
occupation transformation are directly proportional to the land use change. It has also 
been identified that the high level of density is only located in the surrounding areas of 
industries. From the assessed variables through the statistical model, population (X1), 
density (X2) and migration (X3) are found as the influencing factors of land use change. 
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1. INTRODUCTION 
Land use change in peri-urban area is one of the impacts of urbanization process where urban activities 
expand (Arta & Pigawati, 2015; Ives & Kendal, 2013; Paül & McKenzie, 2013; Shi, Sun, Zhu, Li, & Mei, 2012). 
This issue has become one of the most interesting subjects to be studied particularly in developing 
countries. One of the prominent factors in land use change is population growth. UN-HABITAT (2005) 
reported that in 1950 Asia’s urban population was about 232 million or about 17% of the total population, 
and in 2005 it increased up to 40%.  The distribution of population within and between cities, regions and 
nations is influenced further by certain migration patterns because the city as a generator region provides 
complete facilities, vacancies, and other attracting forces such as industry, education, etc. Therefore, the 
high rate of migration living in urban area can lead to uncontrolled land needs, and it will in turn affect the 
land use change in the future. 
In the context of land use change, many of it were caused by urban development located in suburban 
areas. As  Webster & Muller (2009) mentioned, peri-urban zone begins just beyond the contiguous built up 
area and sometimes extends as far as 150 km from the core city. It has positive and negative impacts. One 
of the positive impacts is the creation of new job for people living in suburban areas, for example as 
industrial labors. On the other hand, the negative impacts can be related to the quality of land use in terms 
of the economic aspect (Phuc, Van Westen, & Zoomers, 2014; Zhang et al., 2015). It means that when the 
quality of agriculture decreases, the tendency of farmers to sell their agriculture land is high (Kangalawe, 
Christiansson, & Östberg, 2008). Through the process of land conversion, agricultural land is converted into 
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more productive land such as settlements, industry, etc., and creates transformation of the occupation 
from farmers to labors  (McGee, 1991). Malang is one of the regions that has such experience from 1990 to 
2011. Malang has promoted expansion urban areas that caused land use change. In addition, the presence 
of industrial activities also creates a high in-migration flow. Thus, the impact of this phenomenon is 
occupation transformation.  
This article elaborates some influencing factors that contributed to land use change and its impacts on 
occupation transformation. Some studies have been conducted to assess land use change from different 
perspectives and approaches such as physical and socio-economic aspects.  The urbanization process also 
has an impact on the reduction of agricultural land use through the enlargement of residential and 
industrial areas (Guan et al., 2011; Su, Jiang, Zhang, & Zhang, 2011). They used physical aspects to measure 
the relationships between land use change and urbanization process. These aspects are total area, patch 
density, parameter area ratio distribution, Euclidian nearest neighbor distance, and aggregation index. In 
addition, patch  numbers  and  patch  areas of  a built-up  land are still  increasing  and  showing  the  
diffused  distribution  patterns  from an urban  center  to suburban region (Guan et al., 2011). Both studies 
measured transformation of agricultural landscapes under rapid urbanization by applying Global Moran’s I 
statistics and Local Indicators of Spatial Association (LISA) analysis. 
 
2. DATA AND METHODS  
2.1 Data  
This research used data collected from different sources. The data is related to the physical and social 
aspects and divided into two purposes as shown in Table 1. 
 
 
Table 1. The Data (Authors, 2015) 
Data and information Sources 
Delineation of study area: initial urban and rural status, density, 
accessibility and built up area.  
Basic Village Data (Podes), CBS (2010-2012), 
Spatial Planning of Malang City (2010-2012) 





 Occupation Transformation 
CBS (2010-2012), Development Planning Agency 
of Malang City 
 
 
2.2 Research Methods 
This research used quantitative approach in analyzing the factors influencing land use change as well as 
scoring method to delineate the study area. Scoring method was applied in order to delineate study area 
into a more realistic condition. The analysis itself was conducted into two types, i.e., descriptive and spatial 
statistical analyses. 
a) Descriptive analysis was applied for: 
(1) Delineating the study area based on scoring in each criteria (i.e. the percentage of built up area and 
road level) 
(2) Analyzing the characteristics of land use change in suburban area of Malang city by using an 
Exploratory Data Analysis (EDA). The first step to analyze spatial regression is EDA (L. Anselin & 
Getis, 1993; Anselin et al., 2006). The function of EDA is to determine the outlier or extreme value 
through the tools of boxplot and box map. Moreover, to assess the relationship between 
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b) Spatial Statistical Analysis 
Spatial multiple regressions analysis was employed through Open GeoDa and ArcGIS 9.3 software. The 
regression analysis was divided into two processes, i.e., simple linear regression and spatial regression. The 
spatial regression analysis can be continued if the value of Lagrange Multiplier (LM) Lag and LM error in 
simple linear regression is less than 0.05. Spatial regression in this analysis was based on the following 
rules. Spatial weight describes the model of spatial interaction between a polygon and another polygon. It 
can be used to analyze total villages of the study area that have been influenced and to be included in the 
model formula. The output of this model can be visualized as follows: 
 
Y = A.W+B+ a.X1+ b.X2+ c.X3+d.X3+ e.X4+ f.X5+… 
where:  
Y  = Land use changes 
A  = Lambda 
W  = spatial weight (Queen Contiguity) 
B  = constants 
a-z = variable coefficients 
X1 = Population 
X2 = Density 
X3 = Total migration 
X4 = Accessibility 
X5 = Occupations transformation 
 
3. RESULTS AND DISCUSSION 
3.1 Delineation of Study Area 
The process of delineating suburban area was done by collecting initial data. There are two criteria to 
assess suburban area, i.e., total built up area and road level or accessibility. These criteria were applied to 
each village in the study area by using scoring and then summarizing them into the final weights (see Table 
2). 
Table 2.Total of Delineation Area (Analysis, 2015) 
Parameter Weight Indicator Score Classification Sub district 
A B C D E F G H I 
Built Up area 50 The 
percentage 
of built up 
area 
1 Rural  



















3 Sub urban (25% - 75%) 

















(3) 2 Collector 
3 Main Road 
TOTAL         150 100 200 200 100 250 250 250 200 
 
Information:  
A  = Bululawang sub district F = Pakisaji sub district 
B = Tajinan sub district G = Pakis sub district 
C = Singosari sub district H = Dau sub district 
D = Wagir sub district I = Karangploso sub district 
E = Tumpang sub district 
 
The range of the class can be calculated as follows: 
    
p =                             Range = the highest data – the lowest data 
 
Note : R = Range  
 p = interval class 
 n = Total class 
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p  =   250 - 100  = 75 
       2 
 
Based on the formula, the class intervals in terms of classification zone were (1) Rural = 100-175; (2) 
Suburban = 176 – 250. 
 
Based on the overall analysis above, the delineation area is located in the northern part of Malang City 
(Singosari, Karangploso, and Pakis) as shown in Figure 1. It is reasonable since those three sub districts are 
industrial area for different products such as tobacco and furniture. In addition, it is also recognized from 
the physical appearance that these three sub districts have strategic location and accessibility (Malang-
Surabaya) and hence, the tendency of land conversion is quite high. 
 
 
























3.2 Characteristics of Land Use Change 
As mentioned before, in order to analyze the land use change, five variables were selected, i.e., 
population, density, migration, distance, and occupation transformation. Those variables are then divided 
into dependent and independent variables. Total built up area was determined as the dependent variable 
and the five variables mentioned above as the independent variables. 
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a) Population 
Lynch (2005) mentioned that the rapid population of third world cities raises concerns on the changing 
nature of the relationships between urban and rural area. Malang is one of the cities that have such 
experience of population growth. Based on the analysis, the highest population percentage was found in 
Pangentan Village-Singosari Sub-districts. High population concentration in these areas is merely because of 
two factors, i.e., location of furniture industries and major access from Malang to Surabaya. Box map 
analysis was applied to show the relation between population and land use change. As shown in Figure 2, 
the population variable is directly correlated to land use change, which means high population level will 
affect land use change in the suburban of Malang. 
 




























Density is one of the drivers of urbanization process where it may indicate that the built up area is 
growing (Knox & McCarthy, 1994). It is also relevant to Malang City. High density areas are found in some 
parts of the city particularly in the industrial area. Population and density are two aspects directly 
correlated to the urbanization process. High population concentration will influence the level of density. 
Based on the analysis, it is indicated that the highest density is located in Pangentan Village-Singosari Sub-
districts as well as Sekarpuro village of Pakis Sub-district. In those sub-districts, agriculture and furniture 
industries are dominant.  
Figure 3 shows the box map and scatter plot analysis that indicates the relationship between land use 
change and density. The density variable is in contrast with the land use change in the suburban area of 
Malang City. This is because the settlements and facilities are just located in surrounding workplaces and 
shows that not all villages have high density as population density is always followed by the location of 
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In this research, the migration is only about the number of entrants in each village - people who work in 
surrounding their workplace and people who do not have the ability to live in urban area. The highest 
migration number was found in Purwoasri Village-Singosari Sub-district. This village is located just on the 
side of the major road of Malang-Surabaya. It is found that the migration variable is in line with land use 
change and therefore high migration number will also affect land use change in Malang’s suburban (see 
Figure 4). Migration in Malang’s suburban is very much related to the pull factor of the region, i.e., 
industrial area. 























Rukmana dan Rudiarto / Geoplanning: Journal of Geomatics and Planning, Vol 3, No 1, 2016, 23-32         
doi: 10.14710/geoplanning.3.1.23-32   
 | 29  
 
d) Distance 
Distance variable was selected to compare village’s location to the city center where distances among 
villages were assessed. The results show that there were no villages became outliers in the model of box 
map analysis. It means that the average of distance between each village to the urban area is not so far. 
Moreover, the distance variable is directly correlated to the land use change; it means that land use change 
occurs on a far distance from the city center. From the current condition, land use change was not found in 
the whole location but only in several places where industrial and commercial activities were located (see 
Figure 5). 




















e) Occupation Transformation 
The occupation transformation variable was focused on the total labors in each village. It was found 
that the highest occupation transformation is located in Banjararum Village-Singosari Sub-district. The 
occupation transformation in this village tends to follow the development of the area where a large 
tobacco industry is located.  As the conclusion from the statistical test, the occupation transformation 
variable is in line with the land use change in the suburban area of Malang (see Figure 6). 

















3.3 Model of Land Use Change 
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Previous analysis by using box map and scatter plot only shows the preliminary relation of each variable 
in correspondent with land use change. The challenge is how to assess all the variables into a single model 
and based on the model the factors that influence land use change can then be identified. Two approaches 
have been done in order to assess the best land use change model, as follows: 
a) Correlation analysis; from this analysis, it was found that variables of density and occupation 
transformation have a strong relationship to land use change. Therefore, simple regression analysis 
was necessary to compare the model resulted from each approach.  
b) Regression analysis was employed to see the correlation between variables by reducing the outliers 
through one by one outlier of independent variables. If the value of Lagrange Multiplier (LM) Error is 
appropriate (less than 0.05) then spatial regression analysis is possible to be applied. 
 
To determine the best model of land use change, these criteria need to be fullfilled:  
a) The model should has a high coefficient of determination value (R2), where this value range from 0 to 1 
(closer to 1 considered as the best), 
b) Total of independent variables; the independent variables which are entered in the formula can be 
identified as the best model. 
Based on the whole model process done in linear regression analysis, two models were identified that 
can further be processed into spatial regression analysis, as shown in Table 3. 
 
 
Table 3. The Models (Analysis, 2015) 
Dependent variable Model of land use change  R
2








Land Use Change 
Using Correlation Independent Variable: 
 
Y = - 172,678.9 – 0.2139184 .W + 164.8632 X1 – 
336.3252 X2 
0.35 2   
Reducing one by one outlier in term of 
population variable: 
 
Y = 3,733.646 – 0.140907 .W + 98.51888 X1 – 
341.7208 X2 + 3,579.966 X3 
0.40 3   
 
The best model of land use change in Malang suburban area must have two criteria as mentioned in the 
previous explanation. Therefore, the best model in this study is chosen by eliminating village used as 
population variable and reducing one by one of the outliers with the equation as follows; 
 





Y = Land use change (Km
2
) 
X1= Population (inhabitants) 
X2 = Density (inhabitants/Km
2
) 
X3 = Migration (inhabitants) 
 
 
From the model and statistical results, it can be inferred that the urbanization process that implies to 
land use change in suburban area of Malang City is influenced by migration aspect followed by population 
growth. The higher the level of population growth may create more demand on the land for different 
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purposes such as settlement and facilities. The result also shows that most of the land use change in 
suburban area occurred because of the development of industrial area. This has been the pull factor for the 
surrounding areas to be developed. The existence of industrial area as the pull factor then determines the 
density level of its area where more people would like to stay around. It is also found out that the distance 
from city center is not one of the influence factors in land use change. In Malang City, the development of 




The development of industrial areas has contributed greatly to the total migration of suburban area of 
Malang City with the average rate of 7.69% in 2010-2012. This phenomenon creates occupation 
transformation from agricultural activities to non-agricultural ones such as residential, commercial, service, 
labor, etc. As this study focused on the labor activities with the average level of 3.04%, therefore, the 
people particularly those working as labors prefer to choose their dwelling around the workplace for two 
reasons, i.e., the location close to their workplace to minimize their transportation cost and cheaper land 
price for housing and ownership purposes. The two reasons have made Malang urban region grows to the 
areas where industries are located, and this phenomenon creates unbalance development. Consequently, 
the growth of Malang urban region has only been in particular location, which may cause inefficiency in 
managing the city.  
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